Individuals who abuse methamphetamine (MA) perform at levels below those of healthy controls on tests that require cognitive control. As cognitive control deficits may influence the success of treatment for addiction, we sought to help clarify the neural correlates of this deficit. MA-dependent (n = 10, abstinent 4-7 days) and control subjects (n = 18) performed a color-word Stroop task, which requires cognitive control, during functional MRI (fMRI). The task included a condition in which participants were required to respond to one stimulus dimension while ignoring another conflicting dimension, and another condition without conflict. We compared the groups on performance and neural activation in the two conditions. MA-dependent subjects made more errors and responded more slowly than controls. Controlling for response times in the incongruent condition, voxel-wise mixed effects analyses (whole-brain corrected) demonstrated that MAdependent subjects had less activation than control subjects in the right inferior frontal gyrus, supplementary motor cortex/anterior cingulate gyrus and the anterior insular cortex during the incongruent condition only. MA-dependent subjects did not exhibit greater activation in any brain region in either of the Stroop conditions. These preliminary findings suggest that hypofunction in cortical areas that are important for executive function underlies cognitive control deficits associated with MA dependence.
Introduction
Individuals who chronically use methamphetamine (MA) exhibit cognitive impairments (Scott et al., 2007; Simon et al., 2010) that may contribute to continued drug use (Lyvers, 2000; Goldstein and Volkow, 2002; Lubman et al., 2004) and relapse (Paulus et al., 2005) . MA-associated impairments have been observed on tests of inhibitory control (Salo et al., 2002; Monterosso et al., 2005) , learning (Volkow et al., 2001b) , and decision-making (Paulus et al., 2002 (Paulus et al., , 2003 . These deficits persist during abstinence from MA (Chang et al., 2002; Nordahl et al., 2003) with no significant improvement during the first month (Simon et al., 2010) . As most current therapies for MA dependence involve behavioral interventions (Lee and Rawson, 2008; Smout et al., 2010) , cognitive deficits may interfere with the engagement and completion of a course of treatment for stimulant dependence (Vocci, 2008) .
Cognitive deficits may reflect MA-related abnormalities in brain circuits that are important for executive functions. For example, MAdependent individuals exhibit abnormalities in gray matter structure of cingulate, limbic and paralimbic regions of cortex (Thompson et al., 2004; Berman et al., 2008a; Salo et al., 2009a) . In parallel, functional abnormalities, indexed by regional cerebral glucose metabolism, in the anterior cingulate cortex (ACC), lateral prefrontal cortex (PFC), and parietal cortex have been observed in individuals who had chronically abused MA (Volkow et al., 2001a; London et al., 2004; Wang et al., 2004; Berman et al., 2008b) .
The switch from voluntary to compulsive drug abuse has been hypothesized to reflect a transition from healthy executive functioning, largely mediated by the prefrontal cortex (PFC), to striatal control over drug-taking behaviors (Everitt et al., 2008) . According to this view, a loss of cognitive control is fundamental to the development of addiction. This concept is supported by research with animal models (Everitt et al., 2007; Olausson et al., 2007) as well as human volunteers (Garavan et al., 2008) . Cognitive control can be viewed as flexible, goal-directed behavior that requires a mechanism for guidance to allow for appropriate actions given contextually relevant information (Ridderinkhof et al., 2004b) .
One aspect of cognitive control is the ability to resolve conflicting responses to environmental stimuli which may affect behavior when abstinent drug users perceive stimuli that might precipitate drug relapse (Garavan and Stout, 2005) . The detection of response conflict involves the ACC (Bush et al., 2000; Botvinick et al., 2004;  
